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SPRAY DRIFT SYSTEMS AND METHODS
INCLUDING AN INPUT DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This application claims priority to U.S. Provisional Patent
Application 61/474,222, filed Apr. 11, 2011, and U.S. Provi-

sional Patent Application 61/428,195, filed Dec. 29, 2010, the
entire disclosures of which are incorporated by reference. The

entire disclosures of U.S. Provisional Patent Application
61/474,217, filed Apr. 11, 2011, and U.S. Provisional Patent

Application 61/428,201, filed Dec. 29, 2010, are also incor-
porated by reference.

FIELD OF THE DISCLOSUR.

L1l

The present disclosure relates 1n part to the identification
and avoidance of plants and/or animals based upon provided
information and in particular to systems and methods for
controlling spraying applications based at least on the pres-
ence of plants or animals that may be sensitive to a sprayed
substance or that may be marketed with a certain property that
1s 1nconsistent with the sprayed substance.

BACKGROUND OF THE DISCLOSURE

Certain agricultural crops, animals, or insects may be more
sensitive than others to the application of one or more applied
substances, and may not be the target of the application. The
applied substances may include pesticides, fertilizers, fungi-
cides, other growth promoting or inhibiting compounds, or
excessive amounts of water. For example, a colony of honey-
bees may be sensitive to a pesticide, so that a small amount of
airborne pesticide, drifting from one field to another field,
may damage or destroy the colony, even 11 it was released to
support crops in an adjacent field. Similarly, a field of toma-
toes may be sensitive to one or more pesticides, so that a small
amount of the pesticide may damage the tomatoes and reduce
the overall output of tomatoes 1n the field. Further, an at-risk
habitat may include plants and animals that are sensitive to
one or more applied substances, or an endangered species
may be present 1n a particular area to be protected from
turther population decreases. In another example, a water-
shed or drainage basin may be identified, and the application
of chemicals near the watershed may be prohibited or unde-
sirable. Additionally, the presence or absence of workers 1n an
area, the presence or absence of nearby population centers, or
the presence of homes, businesses, or other industrial areas
may also be considered when applying chemicals to fields.

In addition, some crops or animals are marketed having
certain properties. An example property 1s that the crop 1s
organically grown or that the animal 1s raised on organic food.
For these crops, applied substances drifting from an adjacent
field may make the crop or animal unsuitable for marketing as
having the certain properties, such as organic.

Federal and/or state regulatory bodies maintain a list of
requirements for the application of certain substances to
fields, and creates “buifer zone” or proximity limit require-
ments for specific substances. For example, the proximity
limit requirements define additional areas surrounding a field
where certain substances should not be applied due to prox-
imity to sensitive areas and/or species ol animals or plants.
Techniques for application of substances which tends to
reduce or limit the exposure of people and/or animals to the
substances, or additional precautions taken for the applica-
tion of the substances, may be rewarded with “butfer credits™
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2

or drift reduction technology credits as limit reductions. The
limit reductions include, but are not limited to, rewards 1n the

form of smaller required buffer zone distances for applica-
tions of the same substance, or other rewards for reducing
exposure to substances.

Websites are known which permit members of the public to
identify areas contaiming crops or animals that are either
sensitive to applied substances or that are being raised for
marketing with certain properties. A substance applicator,
such as a farmer, a specialized applicator, or pilot, may refer
to the website prior to applying a substance, such as a pesti-
cide, to crops 1n a field. By referring to the website prior to
spraying the field the applicator 1s able to determine the
presence, 1f any, of areas containing crops or animals that are
either sensitive to applied substances or that are being raised
for marketing with certain properties and to plan the intended
spraying accordingly.

-

SUMMARY

In an exemplary embodiment of the present disclosure, an
apparatus to identily sensitive areas 1s provided. The appara-
tus comprising: a module to electronically receive sensitive
area information, the sensitive area information related to one
or more sensitive areas proximate to a first specified location;
a module to electronically receive an identity of a first sub-
stance to be sprayed at the first specified location; and an alert
mechanism to provide an indication of a first sensitive area
proximate to the first specified location which 1s sensitive to
the first substance. In an embodiment, the alert mechanism
includes a display and a visual alert. In an embodiment, the
apparatus also comprises a location identifier to determine the
location of the apparatus. In an embodiment, the location
identifier receives location information from a Global Posi-
tioning System (GPS). In an embodiment, the apparatus
receives mput regarding a potential application including at
least a date and time of a potential application, and the one or
more substances to be applied to the locations proximate to
the one or more sensitive areas. In an embodiment, the appa-
ratus receives input regarding a potential application includ-
ing at least one or more spraying system parameters. In an
embodiment, the one or more spraying system parameters
includes droplet size, desired pressure, or drift reduction tech-
nology credits. In an embodiment, the apparatus further
includes a module to determine instructions for the applica-
tion of the one or more substances to the locations proximate
to the one or more sensitive areas; and a module to operate a
spraying system according to the nstructions. In an embodi-
ment, operating the spraying system may include one or more
of changing the speed of the spraying system, changing the
direction of the spraying system, altering the droplet size of
the spraying system, or changing the boom height of the
spraying system.

In an exemplary embodiment of the present disclosure, a
method of identifying sensitive areas 1s provided. The method
comprising: providing a handheld device having a first speci-
fied location; electronically receiving with the handheld
device sensitive area information, the sensitive area informa-
tion related to the one or more sensitive areas proximate to the
first specified location; electronically receiving with the
handheld device an 1dentity of a first substance to be sprayed
at the first specified location; and providing with a display of
the handheld device a visual indication of a first sensitive area
proximate to the first specified location which 1s sensitive to
the first substance. In an embodiment, the handheld device
creates a log file including information related to the first
substance and the sensitive area. In an embodiment, the hand-
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held device interfaces with a database to recerve the sensitive
area information. In an embodiment, the handheld device
overlays the sensitive areas on a map. In an embodiment, the
handheld device corresponds to a current location with the
first specified location. In an embodiment, the current loca-
tion 1s 1dentified with a Global Positioning System (GPS). In
an embodiment, the handheld device 1s spaced apart from the
first specified location. In an embodiment, the handheld
device also receives information from a spraying system. In
an embodiment, the received sensitive information includes
information regarding the first sensitive area and a second
sensitive area. In an embodiment, the received sensitive infor-
mation includes information regarding the first sensitive area
and a second sensitive area and wherein a visual indication of
the second sensitive area 1s not provided with the display of
the handheld device because the second sensitive area 1s not
sensitive to the first substance. In an embodiment, the
received sensitive information includes mnformation regard-
ing the first sensitive area and a second sensitive area and
wherein the visual indication of the first sensitive area has a
first characteristic and a visual 1indication of the second sen-
sitive area 1s provided with the display of the handheld device
having a second characteristic, the second characteristic
being different from the first characteristic. In an embodi-
ment, the first specified location 1s one of a current location of
the handheld device or a location input into the handheld
device.

In an exemplary embodiment of the present disclosure, an
apparatus to 1dentily sensitive areas 1s provided. The appara-
tus comprising: a module to electronically receive sensitive
area information, the sensitive area information related to the
one or more sensitive areas proximate to a first specified
location; a module to electronically receive an identity of a
first substance to be sprayed at the first specified location; a
location 1dentifier operable to recerve location information
regarding the location of the apparatus; an alert mechanism to
provide an indication of a first sensitive area proximate to the
first specified location which 1s sensitive to the first substance;
and a module to operate a spraying system according to at
least the sensitive area information, the identity of the first
substance, and the location information. In an embodiment,
the location 1dentifier receives location information from a
Global Positioning System (GPS). In an embodiment, the
apparatus receives input regarding a potential application
including at least a date and time of the potential application,
and the one or more substances to be applied to the locations
proximate to the one or more sensitive areas. In an embodi-
ment, the apparatus recetves input regarding a potential appli-
cation including at least one or more spraying system param-
cters. In an embodiment, the one or more spraying system
parameters includes one or more of droplet size, desired
pressure, or drift reduction technology credits. In an embodi-
ment, operating the spraying system may include one or more
of changing the speed of the spraying system, changing the
direction of the spraying system, altering the droplet size of
the spraying system, or changing the boom height of the
spraying system. In an embodiment, the apparatus further
comprises a log file to capture mformation related to the
spraying system, wherein the log file captures one or more of
a substance being applied, a date, a current time, the current
location of the spraying system, a location of a projected
route, an amount of deviation from an actual route to the
projected route, actions of a user, information regarding cur-
rent weather, the location of the one or more sensitive areas,
a proximity of the spraying system to the one or more sensi-
tive areas, and a warning. In an embodiment, the log file 1s
clectronically transmitted to a system.
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BRIEF DESCRIPTION OF THE DRAWINGS

The detailed description of the drawings particularly refers
to the accompanying figures 1n which:

FIG. 1 1s a component view of an exemplary 1dentification
system according to an embodiment of the present disclosure;

FIG. 2 1s a component view of the recerving system of FIG.
1 according to an embodiment of the present disclosure;

FIG. 3 1s a component view of the sensitive area informa-
tion transmitter of FIG. 1 according to an embodiment of the
present disclosure;

FIG. 4 1s a component view of the sensitive area informa-
tion receiving device of FIG. 1 according to an embodiment
of the present disclosure;

FIG. 5 1s a flowchart showing a method of i1dentilying
sensitive areas according to an embodiment of the present
disclosure:

FIG. 6 1s a tlowchart showing a method of locating sensi-
tive areas according to an embodiment of the present disclo-
sure;

FIG. 7 1s an exemplary field showing sensitive areas
according to an embodiment of the present disclosure;

FIG. 8 1s an exemplary spraying system according to an
embodiment of the present disclosure;

FIG. 9 1s a flowchart showing a method of compiling a
spray plan according to an embodiment of the present disclo-
SUre;

FIG. 10 1s an exemplary view of a screen of an sensitive
area information receiving device according to an embodi-
ment of the present disclosure;

FIG. 11 1s an exemplary view of a display screen of a
sensitive area information receiving device according to an
embodiment of the present disclosure;

FIG. 12 1s an exemplary alert screen for a sensitive area
information recerving device according to an embodiment of
the present disclosure.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplifications
set out herein 1illustrate exemplary embodiments of the dis-
closure and such exemplifications are not to be construed as
limiting the scope of the disclosure in any manner.

DETAILED DESCRIPTION OF THE DRAWINGS

The embodiments of the disclosure described herein are
not intended to be exhaustive or to limit the disclosure to the
precise forms disclosed. Rather, the embodiments selected
for description have been chosen to enable one skilled 1n the
art to practice the subject matter of the disclosure. Although
the disclosure describes specific configurations of an 1denti-
fication system, it should be understood that the concepts
presented herein may be used 1n other various configurations
consistent with this disclosure.

The present disclosure relates in part to the identification
and avoidance of plants and/or animals based upon provided
information and 1n particular to systems and methods for
controlling spraying applications based at least on the pres-
ence of plants or animals that may be sensitive to a sprayed
substance or that may be marketed with a certain property that
1s 1nconsistent with the sprayed substance.

The present disclosure provides systems and methods for
controlling spraying applications based at least on the pres-
ence of plants or animals that may be sensitive to a sprayed
substance or that may be marketed with a certain property that
1s 1nconsistent with the sprayed substance.

“Sensitive area” or “sensitive areas” may include areas
where sensitive crops are planted, areas where sensitive crops
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may be planted 1n the future, areas where animals that may be
sensitive to substances are located or may be located, for
example a migratory path or nesting area, watersheds or areas
around watersheds, or other areas where any plant, animal,
fungi, or bacteria reside or may reside that may be adverse to
the application of one or more substances.

FIG. 1 shows a component view of an exemplary 1dentifi-
cation system 100 according to an embodiment of the present
disclosure. In an exemplary embodiment, the 1dentification
system 100 includes one or more sensitive area identification
devices 111, one or more networks 107, a receiving system
101, a sensitive area database 103, a sensitive area informa-
tion transmitter 105, one or more sensitive area information
receiving devices 113, and one or more distribution systems
117. In an embodiment, the 1dentification system 100 1s also
operable to receive mformation from and/or transmit infor-
mation to one or more third party systems 109.

The sensitive area 1dentification device 111 1s used to 1den-
tify the location and/or type of sensitive or non-sensitive
sensitive areas to be included in the sensitive area database
103, and transmuit the identification information to the receiv-
ing system 101. In one embodiment, the sensitive area 1den-
tification device 111 1s, for example and without limitation, a
smartphone or other electronic device equipped with a global
positioning system (“GPS”) device used to identity the
device’s location. Software and/or hardware may be installed
on the smartphone to allow the smartphone to capture loca-
tion information and/or sensitive area location, and transmait
the location information and/or sensitive area information to
anetwork 107. The smartphone or other device may be moved
around the field containing the sensitive areas, so that GPS
data points are recorded, and one or more fields with sensitive
or non-sensitive sensitive areas 1s marked by moving around
the boundaries of the field. In one embodiment, the device 1s
operated by a user as a handheld remote device. In another
embodiment, the device 1s installed on machinery such as, for
example, a tractor, a sprayer, an all-terrain vehicle, or other
suitable vehicles. In another embodiment, the sensitive area
identification device 111 1s a map available on a computer,
and a user may, for example, draw one or more boxes on the
map with an mput device, or specity locations on the map in
other ways. In the embodiment, the sensitive area 1dentifica-
tion device 111 translates the electronic markings 1into loca-
tion information, and transmaits the location information to the
receiving system 101 via, for example and without limitation,
a cellular network or other wireless network. In another
embodiment, a user may 1dentily locations on a physical map,
and may photograph, scan, or fax the map to the receiving
system 101. In another embodiment, a user may describe
location information to an operator over a telephone or other
device, and the operator may input the location information
into the receiving system 101.

The network 107 may include one or more of: a local area
network, a wide area network, a radio network such as a radio
network using an IEEE 802.11x communications protocol, a
cellular network, a satellite network, a cable network, a fiber
network or other optical network, a token ring network, or any
other kind of packet-switched or direct transmission network
may be used. In one embodiment, the network 107 includes
the Internet. In another embodiment, the network 107
includes any other type of public or private network. The use
of the term “network” does not limit the network to a single
style or type of network, or imply that one network 1s used. A
combination of networks of any communications protocol or
type may be used. For example, two or more packet-switched
networks may be used, or a packet-switched network may be
in communication with a radio network.
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The recerving system 101 1s described 1n more detail with
reference to FIG. 2. The receiving system 101 receives infor-
mation provided by the sensitive area identification device
111, and, 1n an embodiment, rearranges, adds to, or deletes
from the data provided by the sensitive area i1dentification
device 111 so that the data 1s 1n a form to be included 1n the
sensitive area database 103. In an embodiment, the receiving
system 101 receives sensitive area information from one or
more different types of sensitive area identification devices
111, or one or more other methods of gathering sensitive area
information. In an embodiment, the one or more different
types of sensitive area identification device 111 each transmit
different data structures containing the sensitive area infor-
mation, so that the receiving system 101 performs one or
more different processes on the data received from the one or
more sensitive area identification devices 111 so that the data
transmitted to the sensitive area database 103 has a uniform
data structure, regardless of the data structures transmitted to
the receiving system 101 from the one or more sensitive area
identification devices 111.

In an embodiment, the receiving system 101 1s a separate
physical system than the system controlling the sensitive area
database 103. In another embodiment, the receiving system
101 and the sensitive area database 103 operate on the same
system or systems. In an embodiment, the recerving system
101 may be implemented as one or more processes 1n soit-
ware, operating on a hardware platform. In another embodi-
ment, the recerving system 101 1s implemented as hardware.
As shown with respect to FIG. 2, the recerving system 101
receives an input, performs one or more operations on the
input, and generates one or more outputs. In an embodiment,
the output 1s transmitted to the sensitive area database 103. In
another embodiment, the output 1s transmitted to other sys-
tems. In an embodiment, the recerving system 101 receives
data regarding sensitive area locations irom one or more
sensitive area 1dentification device 111 via a network 107.

The third party systems 109 may include additional recerv-
ing systems 101. For example, a number of receving systems
101 may receive sensitive area location information from a
number of different sensitive area identification devices 111,
and transmit the sensitive area location information to the
sensitive area database 103. In the embodiment, the different
receiving systems 101 may be owned or controlled by ditfer-
ent entities, or may be controlled by the same entity for
different uses or locations. For example, onerecerving system
101 may recerve sensitive area location information for one
geographical area, and another recerving system 101 may
receive sensitive area location information for a different
geographical area. In another example, the third party sys-
tems 109 includes systems owned or operated by different
entities, such as the Environmental Protection Agency, the
United States Department of Agriculture, one or more state
Departments of Agriculture or similar entities, or other com-
mercial or nonprofit entities. The third party systems 109 may
also include information related to additional environmental
factors. For example, a third party system 109 may include
the real-time location of one or more workers, or the location
of workers at specified future times. For example, the third
party system 109 may include data regarding the future work
schedule of other farmers, or workers for picking produce or
performing field maintenance. A third party system 109 may
also display aerial hazards, such as the location of wind
turbines or areas with tlight restrictions. A third party system
109 may also display additional information related to the soil
or air characteristics. For example, a third party system 109
may display soil composition characteristics or weather
information. In an embodiment, the receving systems 101
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also transmit information receirved from the sensitive area
identification devices to the third party systems. For example,
and without limitation, a user may mark a field as containing
a sensitive crop, transmitting that information to the receiving
system 101. In the embodiment, the receiving system 101
transmits the information regarding the geographical location
of the field, the type of crop, and/or time and date information
to one or more of the third party systems 109. This transmis-
sion may allow the recerving system 101 to share information
with the third party systems 109 to enable each of the systems
to have similar data.

In one embodiment, recerving system 101 recerves sensi-
tive area information from various 1dentification devices 111
and sends that information along to third party systems 109 to
update the databases of the third party systems 109. The
receiving system 101 may rearrange, add to, or delete from
the sensitive area information provided by the identification
device 111 to format the data for each respective third party
system 109. As such, the receiving system 101 provides a
gateway lor a user of an i1dentification device 111 to update
multiple databases controlled by different entities.

In an embodiment, the third party systems 109 are separate
from the sensitive area database 103, and the third party
systems 109 and the sensitive area database 103 may com-
municate via one or more networks 107. In another embodi-
ment, the third party systems 109 operate with the sensitive
arca database 103, the receiving system 101, and/or the sen-
sitive area information transmitter 105 on the same system or
systems. The third party systems 109 may store and recall
sensitive area information using a similar data structure as the
sensitive area database 103, or the third party systems 109
may store and recall sensitive area information differently
than the sensitive area database 103. It the third party systems
109 and the sensitive area database 103 use different data
structures, the third party systems 109 may reformat the sen-
sitive area information on the third party systems 109 to
become compatible with the data structure of the sensitive
area database 103, or the sensitive area database 103 may
receive sensitive area information from the third party sys-
tems 109, and may reformat the data into the one or more data
structures used by the sensitive area database 103 to store and
recall sensitive area information. Additionally, 1n an embodi-
ment, the sensitive area database 103 transmuits sensitive area
information to the third party systems 109.

The sensitive area database 103 stores and recalls the data
provided by the recerving system 101 and/or the third party
systems 109. In an embodiment, the sensitive area database
103 uses a relational database to store the data. In another
embodiment, the sensitive area database 103 uses other struc-
tures to store the data. For example, the sensitive area data-
base 103 may include data stored 1n a huerarchical data struc-
ture, a tlat file data structure, or another type of data structure
that may allow the storage and recall of data. In another
embodiment, the sensitive area database 103 includes data
stored on a map, or associated with a map, that 1s used to
determine the location of sensitive areas. In an embodiment,
the sensitive area database 103 may be a separate physical
system as the receiving system 101 and/or the sensitive area
information transmitter 105. In another embodiment, the sen-
sitive area database 103 and the receiving system 101 and/or
the sensitive area information transmitter 105 operate on the
same physical system or systems. I1 the sensitive area data-
base 103 1s separate from the recerving system 101 and/or the
sensitive area information transmitter 105, the sensitive area
database 103 may be 1n communication with the receiving
system 101 and/or the sensitive area information transmitter
105 via, for example, one or more networks 107. The sensitive
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area mformation transmitter 105 1s described 1n more detail
with reference to FI1G. 3. The sensitive area information trans-
mitter 105 receives requests for sensitive area information
from one or more sensitive area information receiving device
113, and interacts with the sensitive area database 103 to
provide the requested information to the sensitive area infor-
mation receiving device 113. The sensitive area information
transmitter 105 may rearrange, add to, or delete from the data
provided by the sensitive area database 103 for transmission
to the sensitive area mformation receiving device 113. In an
embodiment, the sensitive area information transmaitter 105 1s
a separate physical system than the sensitive area database
103. In another embodiment, the sensitive area information
transmitter 103 and the sensitive area database 103 operate on
the same system or systems. The sensitive area information
transmitter 105 may be implemented as one or more pro-
cesses 1n software, operating on a hardware platform, or may
be implemented as hardware, or may be implemented as a
combination of hardware and software. As shown with
respect to FIG. 3, the sensitive area information transmitter
105 recerves an input, performs one or more operations on the
input, and generates one or more outputs. In an embodiment,
the output 1s be transmitted to the sensitive area information
receiving device 113. In another embodiment, the output 1s
transmitted to other systems. In an embodiment, the sensitive
area information transmitter 105 transmits data regarding
sensitive area information to one or more sensitive area infor-
mation recerving device 113 via a network 107. One or more
different types of sensitive area information recerving devices
113 may request data, and the data that each diflerent type of
sensitive area information receiving devices 113 requests
may be different. For example, and without limitation, one
sensitive area information receiving device 113 may request
all of the data 1n a geographical area from the sensitive area
database 103. Another sensitive area information receiving
device 113 may request sensitive area information only for a
specific type of sensitive area 1n a specific geographical area.
Yet another sensitive area information recerving device 113
may request other types ol map data from the sensitive area
database 103. The sensitive area information transmitter 115,
in one embodiment, 1s able to correctly provide the requested
data, when the requests are different.

The sensitive area information recerving device 113 trans-
mits a request to the sensitive area information transmitter
105, and receives sensitive area information from the sensi-
tive area database 103 via the sensitive area information trans-
mitter 105. The sensitive area information receving device
113 may be implemented as software or as hardware, and
may, in one embodiment, be a smartphone. In another
embodiment, the sensitive area information receiving device
113 1s attached to or in communication with farm equipment
such as, for example and without limitation, a tractor, a
sprayer, an all-terrain vehicle, or other suitable vehicles. The
communication may be over one or more wired or wireless
communication protocols. In an alternate embodiment, the
sensitive area information recerving device 113 1s a computer
that 1s 1n communication with the sensitive area information
transmitter 105 via, for example and without limitation, one
or more networks.

In an embodiment, the user interacts with the sensitive area
information receiving device 113, and 1nputs, for example,
date and time or other temporal identification of a potential
application, the particular substance or substances that are to
be applied, the desired droplet size, the desired pressure, any
drift reduction technology (“DRT1”) credit, and state or fed-
eral limitations, and the geographical location of the field for
application. In an embodiment, the sensitive area information
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receiving device 113 may request and receive some mputs
from the sensitive area database 103 and/or one or more third
party systems 109, such as, for example, DRT credits or state
or federal limitations for a substance. The sensitive area infor-
mation receiving device 113 interacts with the sensitive area
information transmitter, and compiles a list of instructions for
the user to follow. The nstructions may include, but are not
limited to, an approval or disapproval of the date and time of
the potential application, one or more routes to take through
the field, flow parameters for the distribution system 117,
including flow rate and/or speed, the location of sensitive
crops or other areas around the application site, and/or addi-
tional weather information. The sensitive area information
receiving device 113 may provide the information to the user
via a printout, or may upload information to another device
that the user may bring and refer to while completing the
application, such as a smartphone, a tablet computer, a laptop
computer, or a netbook. In another embodiment, the com-
puter may provide information to a removable storage device,
which may interface with a computer or system associated
with the distribution system 117. The computer or the sensi-
tive area information transmitter 105 may send further
updates to the user, via, for example and without limitation,
e-mail, text message, phone call, or other mechanisms to alert
a user to a change 1n the instructions. For example, the com-
puter or the sensitive area information transmitter 105 may
send updates to the user to account for changing wind pat-
terns, temperature differences, or other variables not under-
stood at the time the report was printed or transferred to
another computer.

The sensitive area information recerving device 113 imple-
ments hardware and/or soitware to calculate or receive a
location from a location 1dentifier 115 such as, for example, a
GPS recerver to receive location signals from a GPS system.
In another embodiment, the sensitive area information receiv-
ing device 113 uses one or more internal devices to calculate
its location. For example, the sensitive area information
receiving device 113 may contain a compass or an inertial
guidance system to determine location. In another example,
the sensitive area information recerving device 113 includes a
device or sensor to measure linear distance. In another
example, the sensitive area information receiving device 113
includes one or more accelerometers and/or gyroscopes to
determine location or movement from a location. In one
embodiment, the sensitive area information receiving device
113 is 1n communication with one or more distribution sys-
tems 117, and transmits sensitive area information to the
distribution system 117.

The sensitive area information receiving device 113 may
be separate from the distribution systems 117, or may be in
the same location as the distribution systems 117. In an
embodiment, the sensitive area information receiving device
113 also notes the location of the distribution systems 117,
and/or notes the orientation of the sprayers 1n the distribution
systems 117. In one embodiment, the sensitive area informa-
tion recerving device 113 includes one or more displays, to
display the sensitive area location information to a user, or
includes other visual, auditory, or tactile devices to convey
sensitive area location information. In an embodiment, the
sensitive area information recewving device 113 includes
additional software and/or hardware that operate to display
the recerved sensitive area information. For example, and
without limitation, the sensitive area information recerving,
device 113 may include a pre-loaded map or satellite images,
and the sensitive area information may iclude location infor-
mation, which the sensitive area information receiving device
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113 overlays on the pre-loaded map. In another embodiment,
the map or satellite images are retrieved from a server across
the network 107.

In one embodiment, the sensitive area information receiv-
ing device 113 1s portable or 1s attached to the distribution
system 117. In the embodiment, the sensitive area informa-
tion recerving device 113 includes a touch-sensitive screen or
other touch sensitive area associated with a screen. In another
embodiment, the sensitive area information receiving device
113 includes a keyboard, mouse, or one or more additional
iput devices to input data, and one or more displays to
visualize data. Additionally, the sensitive area information
receiving device 113 may include one or more speakers or
other devices for auditory or tactile outputs.

In one embodiment, the sensitive area information receiv-
ing device 113 recerves location information and 1s capable of
operating the distribution system 117. The operation may
include directly 1ssuing commands to the distribution system
117 to control speed, direction, rate of flow, sprayer opera-
tions, or other operations of the distribution system 117. The
sensitive area information recerving device 113 may also
receive information from the distribution system 117, regard-
ing data such as speed, direction, rate of tlow, sprayer opera-
tions, or other operations. In one embodiment, the sensitive
area information recerving device 113 commumnicates with the
distribution system 117 over a cable or other communication
device directly connecting the sensitive area information
receiving device 113 and the distribution system 117. In
another embodiment, the sensitive area information receiving
device 113 communicates with the distribution system 117
via one or more wireless communication protocols, such as,
for example and without limitation, one or more IEEE
802.11x protocols, Bluetooth protocols, or a cellular or sat-
cllite connection. The sensitive area information receiving
device 113 and the distribution system 117 may be in two-
way communication, so that the sensitive area information
receiving device 113 both communicates information to and
receives mformation from the distribution system 117, or the
sensitive area iformation receiving device 113 may be 1n
one-way communication, so that either the sensitive area
information receiving device 113 1ssues commands to the
distribution system 117, but does not receive information
from the distribution system 117, or the sensitive area infor-
mation recerving device 113 receives information from the
distribution system 117, but does not send information to the
distribution system 117.

The user may correct the sensitive area information recerv-
ing device 113 11 an error 1s detected, or may take control of
the distribution system 117 1n the event of an emergency or to
complete other tasks. In other embodiments, the sensitive
area information recerving device 113 may present informa-
tion to the user in the form of visual, auditory, or tactile
stimulation, for example an alert, a flashing light or indicator
on a screen, heads-up display, or two or three dimensional
model or overlay, an audible tone or verbal warning, or a
tactile vibration, to alert a user that the distribution system 1s
inside or outside of the bounds of the instructions.

FIG. 10 shows an exemplary view of a screen 1000 of a
sensitive area information receiving device according to an
embodiment of the present disclosure. FIG. 10 1s an example
of an introductory screen, where the user may select informa-
tion to be displayed. The user may touch one or more of the
areas ol the screen, 11 the sensitive area information receiving
device 113 1s equipped with a touch screen, or may select one
or more of the areas with a mouse or a keyboard shortcut, 1f
the sensitive area iformation recerving device 113 1s so
equipped. The user may select, for example, to display envi-
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ronmental conditions 1n the “Environmental Conditions Dis-
play,” including humidity, temperature, a Doppler represen-
tation of the current weather, future weather forecasts, and/or
other weather conditions. The user may select the “Equip-
ment Settings Display” to display current or projected set-
tings from the distribution system 117, for example, boom
height, spray characteristics, product currently loaded, speed,
direction, or other settings related to the operation of the
distribution system 117. The user may select the “Field Map
Display” to display characteristics of the field for application,
to select a new field, or to select other field display options.
The user may select the “Sensitive Area Location Display” to
display certain sensitive areas, to display information related
to one or more of the sensitive areas, or to display sensitive
areas 1n one or more geographical areas. The user may select
the “Audible and Visual Alert Module” to select one or more
manners of alert, including visual, auditory, or tactile. The
user may select the “Wind Direction Visual Display™ to selec-
tively display the wind speed and/or direction. The user may
select the “Device Location Display™ to show the location of
the sensitive area information recerving device 113 and/or the
distribution system 117 on the field. The user may select one
or more display options, and the information related by the
options may be overlaid upon one another. In an example, the
user elects to display a satellite or aerial image view of the
field, and elects to show the geographical boundaries of sen-
sitive areas for crops. The information for the geographical
boundaries 1s overlaid on the satellite view. The user may
toggle additional information to be overlaid on the display, so
that the user may, for example, toggle the display of soil
conditions or the display of current weather conditions on the
display. The user may toggle additional information to show
as much, or as little, information as the user desires or 1s
necessary or usetul to complete a task.

FI1G. 11 shows an exemplary view of a display screen 1101
ol a sensitive area information receiving device 113 accord-
ing to an embodiment of the present disclosure. In the
example provided 1n FIG. 11, the distribution system 117 has
traveled from a beginning point along a line 1111 to a current
location, represented by an oval or other marker. In the
embodiment, the sensitive area information recerving device
113 tracks the distribution system 117 and displays the his-
torical locations as well as the current location. The sensitive
area information recerving device 113 also displays informa-
tion 1n box 1103 including boom height, speed, spray pres-
sure, gallons per acre (“GPA™), a desired droplet size as
calculated by the sensitive area information receiving device
113, and an actual droplet s1ze that the user has selected or that
the distribution system 117 1s currently using. The sensitive
area 1mformation recerving device 113 may also display a
direction, indicated by direction marker 1107, and another
box 1105 including current weather conditions. Box 1105
may include, but 1s not limited to, wind direction and speed,
and current temperature. The sensitive area information
receiving device 113 may also display one or more sensitive
area zones 1113. In an embodiment, the sensitive area zones
1113 may expand or contract, or may change shape, depend-
ing on the current weather conditions and/or the current con-
ditions of the distribution system 117 and/or other current
conditions. For example, 1f the distribution system 117
changes Irom a coarse to a fine droplet size, the sensitive area
zone 1113 may expand, as the potential driit of the droplets
may be increased. The sensitive area information recerving,
device 113 may also recommend changes based on other
environmental factors, such as wind speed, temperature, soil
conditions, or other mformation received by a third party
system 109 or sensors on the distribution system 117 or
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sensors that convey information at or near the distribution
system 117. In the embodiment, the sensitive area zones 1113
may not indicate the geographical location of sensitive areas,
but instead may indicate areas where the user must alter spray
patterns or other aspects of the distribution system 117 in
order to avoid drift into the sensitive areas. The geographical
boundaries of sensitive areas may be separately displayed, so
that the geographical boundaries of the sensitive areas and the
sensitive area zones 1113 may be overlaid on one another. In
the embodiment, the user may select one of the sensitive areas
or the sensitive area zones 1113 to display, or may display
both. In another embodiment, the sensitive area zones 1113
may indicate the location of sensitive areas, and so may not
change according to current weather conditions and/or the
current conditions of the distribution system 117.

FIG. 12 shows an exemplary alert screen 1201 for a sensi-
tive area mformation recerving device 113 according to an
embodiment of the present disclosure. In the example screen
shown 1n FIG. 12, the sensitive area information receiving
device 113 indicates that the distribution system 1s approach-
ing a sensitive area, and the user 1s advised to take remedial
action to prevent the distribution system 117 from applying
product to a sensitive area, or to allow the product to drift into
the sensitive area. The screen 1201 shows the current location
of the distribution system 117, and also shows the weather
condition box 1105, the direction marker 1107, and the sen-
sitive area 1113, but also includes an alert message 1209. The
alert message 1209, 1n the embodiment, includes an indicator
of the type of alert an analysis of the conditions that have
generated the alert. In the example, the alert 1s that the distri-
bution system 117 1s approaching a sensitive area, and that the
wind direction may present a drift hazard, such that the
applied product may dnit into the sensitive areca. The box
1203, 1n the embodiment, includes a highlight of factors that
the sensitive area information recerving device 113 calculates
could be changed to fix or abate the alert. In another embodi-
ment, the alert message 1209 may also include additional
instructions to take one or more actions. The user may take
corrective action to avoid the sensitive area.

The location 1dentifier 115, 1n some embodiments, assists
the sensitive area information recerving device 113 and/or the
sensitive area 1dentification device 111 1n determining loca-
tion. The location identifier 115 may be, for example and
without limitation, a global positioning system device, one or
more transmitters or receivers to determine an approximate
location, such as by radio triangulation, astronomical loca-
tion, or other methods to determine an approximate point of
location. In an embodiment, the location identifier 115 also
includes other global positioning satellite systems, or may use
one or more global navigation satellite systems and/or other
methods of location 1dentification to refine or augment loca-
tion information. In an embodiment, the location identifier
115 uses two or more of the exemplary devices listed above to
determine location.

The distribution system 117, 1n an embodiment, 1s 1n com-
munication with the sensitive area information receiving
device 113, and receives sensitive area information from the
sensitive area information receiving device 113. The distri-
bution system 117 may apply substances, such as liquid
chemicals, solid chemicals, and/or water, to a field or to
portions of a field. In an embodiment, the distribution system
117 1s moveable. In another embodiment, the distribution
system 117 1s fixed in the location of the field. In an embodi-
ment, the distribution system 117 includes a sprayer or spray-
ers to apply liquids to a field. Shown with respect to FIG. 8,
the sprayers may iclude one or more tanks to hold the liquid
or liquids, a mixing device to mix liquids from different tanks
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together before application, and one or more valves to control
the mixing of the liquids and/or the flow of liquids to appli-
cators. The applicators may include one or more nozzles. In
another embodiment, the distribution system 117 includes
one or more spreading devices to spread solids to a field. The
solids may include, but are not limited to, fertilizers, pesti-
cides, fungicides, or nutrients. The spreading devices may
include one or more holding areas to contain one or more
solids, a mixing device to mix the solids before application to
a field, and one or more outlets to mix the one or more solids
and spread the solids onto the field. While a distribution
system 117 may be a spraying system 620 with a plurality of
ground engaging members 632 as shown in exemplary FIG.
8, other delivery devices may also be used. For example, and
without limitation, the distribution system 117 may be asso-
ciated with an aircrait, for example a crop dusting aircrait or
a helicopter, or may be associated with a railroad, ballast
sprayer, or boat.

The distribution system 117, 1n an embodiment, imncludes
the ability to selectively spray, alter spray patterns or direc-
tion, alter pressure or spray distance, alter the relative size of
the droplets of the spray, start and stop the spray, or change the
direction or speed of the distribution system 117. If the dis-
tribution system 117 includes more than one sprayer, the
distribution system 117 may include the ability to direct flow
to one or more of the sprayers, or to alter the tlow to one or
more of the sprayers. In an embodiment, the distribution
system 117 includes other instruments, such as wind sensors,
temperature sensors, humidity sensors, pressure sensors, or
other sensors, to monitor the local weather and/or field con-
ditions. In an embodiment, the distribution system 117 also
includes one or more sensors to indicate the position of the
distribution system 117. In another embodiment, the sensors
or instruments are associated with the sensitive area informa-
tion recerving device 113.

In an embodiment, the distribution system 117 uses the
sensitive area information, the location information provided
by the location identifier 115 or sensitive area information
receiving device 113, and/or one or more sensors to determine
a spray pattern so that the spray from the distribution system
117 does not drift into locations of sensitive areas that have
been 1dentified as sensitive. The distribution system 117 may
alter flow, position, droplet size, or may selectively reduce or
climinate flow to one or more sprayer to minimize or elimi-
nate spray drift into locations of sensitive areas that have been
identified as sensitive.

Returming to FIG. 2, a component view of the recerving
system 101 of FIG. 1 according to an embodiment of the
present disclosure 1s shown. The receiving system 101 in the
illustrative embodiment includes an mnput module 203, a data-
base module 205, and a sensitive area analysis module 207. In
one embodiment, the receiving system 101 1s a single system.
In another embodiment, the recerving system 101 1s two or
more systems in communication with each other. In the 1llus-
trative embodiment, the receiving system 101 includes one or
more iput devices, one or more output devices, one or more
processors, and memory 209 associated with the one or more
processors. The memory 209 associated with the one or more
processors may include, but 1s not limited to, memory asso-
ciated with the execution of the modules, and memory asso-
ciated with the storage of data. The receiving system 101 may
also be associated with one or more networks 107, and may
communicate with one or more additional systems viathe one
or more networks 107. The modules may be implemented 1n
hardware or software, or a combination of hardware and
software. The receving system 101 may also include addi-
tional hardware and/or software to allow the receiving system
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101 to access the input devices, the output devices, the pro-
cessors, the memory, and the modules. In an embodiment, the
modules, or a combination of the modules, are associated
with a different processor and/or memory, for example on
distinct systems, and the systems are located separately from
one another. In another embodiment, the modules are be
executed on the same system as one or more processes or
services. The modules may be operable to communicate with
one another and to share information. Although the modules
are described as separate and distinct {from one another, the
functions of two or more modules may 1nstead be executed 1n
the same process, or 1n the same system.

The memory 209 includes computer readable media. Com-
puter-readable media may be any available media that may be
accessed by one or more processors of the receiving system
101 and includes both volatile and non-volatile media. Fur-
ther, computer readable-media may be one or both of remov-
able and non-removable media. By way of example, com-
puter-readable media may include, but 1s not limited to,
RAM, ROM, EEPROM, flash memory or other memory tech-
nology, CD-ROM, Digital Versatile Disk (DVD) or other
optical disk storage, magnetic cassettes, magnetic tape, mag-
netic disk storage or other magnetic storage devices, or any
other medium which may be used to store the desired infor-
mation and which may be accessed by recerving system 101.
The recerving system 101 may be a single system, or may be
two or more systems 1n communication with each other. In
one embodiment, the receiving system 101 includes one or
more input devices, one or more output devices, one or more
processors, and memory 209 associated with the one or more
Processors.

In the illustrative embodiment, the input module 203
receives data from one or more sensitive area identification
devices 111 through the use of one or more networks 107. The
input module 203 may also receive iput over a network 107
from another system. For example, and without limitation,
the input module 203 may receive one or more signals from
third party systems 109 over one or more networks 107. In an
embodiment, the mput module 203 receives data from the
network 107, and rearranges or reprocesses the data so that 1t
may be transmitted to the sensitive area analysis module 207.

In the 1llustrative embodiment, the sensitive area analysis
module 207 receives an input from the input module 203, and,
in an embodiment, the sensitive area analysis module 207
reformats and/or analyzes the mput and transmits the results
to the database module 205. For example, the sensitive area
analysis module 207 may receive an input 1n the form of one
or more location identifiers 115 for a sensitive area location,
and queries the sensitive area database 103 to determine 1f
sensitive areas have been registered within one or more of the
location identifiers 115. In another embodiment, the sensitive
area analysis module 207 reformats the sensitive area identi-
fication information or sensitive area location information so
that the information may be transmitted to the sensitive area
database 103.

In the illustrative embodiment, the database module 205
receives an iput, and transmits the input to the sensitive area
database 103. In one embodiment, the database module 205
receives the mput from the sensitive area analysis module 207
in the form of alphanumeric data, and transmits the data to the
sensitive area database 103. The database module 205 and the
sensitive area database 103 may be 1n communication with
one another. For example, and without limitation, the data-
base module 205 and the sensitive area database 103 may be
in communication via a network 107, or may be 1n commu-
nication via a dedicated connection, such as a cable or radio
link. In an embodiment, the database module 205 also refor-
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mats the data received from the sensitive area analysis module
207 into a format usable by the sensitive area database 103.
For example, the database module 205 may create one or
more files that may be read by the sensitive area database 103.
In one embodiment, the database module 205 reformats the
data 1into one or more electronic files that may be imported
into a relational database, or into one or more strings of data
that may be imported into a relational database.

Returning to FIG. 3 a component view of the sensitive area
information transmitter 105 of FIG. 1 according to an
embodiment of the present disclosure 1s shown. In an 1llus-
trative embodiment, the sensitive area information transmit-
ter 105 includes a database module 303 and an input/output
module 305. In an embodiment, the sensitive area informa-
tion transmitter 105 1s a single system. In another embodi-
ment, the sensitive area information transmitter 105 1s two or
more systems in communication with each other. The sensi-
tive area information transmitter 105 may include one or
more 1mput devices, one or more output devices, one or more
processors, and memory associated with the one or more
processors. The memory associated with the one or more
processors may include, but 1s not limited to, memory asso-
ciated with the execution of the modules, and memory asso-
ciated with the storage of data. The sensitive area information
transmitter 105 may also be associated with one or more
networks 107, and may communicate with one or more addi-
tional systems via the one or more networks 107. The mod-
ules may be implemented 1n hardware or soitware, or a com-
bination of hardware and software. In an embodiment, the
sensitive area information transmitter 105 also imcludes addi-
tional hardware and/or software to allow the sensitive area
information transmitter 105 to access the mput devices, the
output devices, the processors, the memory, and/or the mod-
ules. In an embodiment, the modules, or a combination of the
modules, are associated with a different processor and/or
memory, for example on distinct systems, and the systems are
located separately from one another. In an embodiment, the
modules are executed on the same system as one or more
processes or services. The modules may be operable to com-
municate with one another and to share information.
Although the modules are described as separate and distinct
from one another, the functions of two or more modules may
instead be executed 1n the same process, or 1n the same sys-
tem.

The memory 307 includes computer readable media. Com-
puter-readable media may be any available media that may be
accessed by one or more processors of the sensitive area
information transmitter 105 and includes both volatile and
non-volatile media. Further, computer readable-media may
be one or both of removable and non-removable media. By
way of example, computer-readable media may include, but
1s not limited to, RAM, ROM, EEPROM, flash memory or
other memory technology, CD-ROM, Digital Versatile Disk
(DVD) or other optical disk storage, magnetic cassettes, mag-
netic tape, magnetic disk storage or other magnetic storage
devices, or any other medium which may be used to store the
desired information and which may be accessed by sensitive
area information transmitter 105. The sensitive area informa-
tion transmitter 105 may be a single system, or may be two or
more systems in communication with each other. In one
embodiment, the sensitive area information transmitter 105
includes one or more mput devices, one or more output
devices, one or more processors, and memory 307 associated
with the one or more processors.

In the illustrative embodiment, the database module 303
receives an iput, and transmaits the mput to the sensitive area
database 103. In one embodiment, the database module 303
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transmits a query to the sensitive area database 103 in the
form of alphanumeric data, and recerves information from the
sensitive area database 103 in response to the transmitted
query. The database module 303 and the sensitive area data-
base 103 may be 1n communication with one another. For
example, and without limitation, the database module 303
and the sensitive area database 103 may be in communication
via a network 107, or may be in communication via a dedi-
cated connection, such as a cable or radio link. In an embodi-
ment, the database module 303 reformats the data receirved
from the sensitive area database 103 into a format usable by
the sensitive area information recerving device 113.

In the illustrative embodiment, the input/output module
305 recerves data from one or more sensitive area information
receiving devices 113 through the use of one or more net-
works 107. In an embodiment, the data 1s 1n the form of a
location of the sensitive area information receiving device
113, and a request for sensitive area information surrounding,
the sensitive area information recerving device 113. In an
embodiment, the mnput/output module 305 receives data from
the network 107, and rearranges or reprocesses the data for
transmission to the database module 303. In the illustrative
embodiment, the database module 303 receives the data from
the input/output module 305, and transmits to and receives
information from the sensitive area database 103. In the
embodiment, the database module 303 transmits the sensitive
arca database 103 information to the mnput/output module,
and the input/output module transmits the sensitive area data-
base 103 information to the sensitive area information receiv-
ing device 113.

Returning to FI1G. 4, a component view ol the sensitive area
information receving device 113 of FIG. 1 according to an
embodiment of the present disclosure 1s shown. The sensitive
arca information recewving device 113 1in the illustrative
embodiment includes a location information module 350, a
substance information module 352, an environmental infor-
mation module 354, a sprayer system information module
356, a spray analysis module 358, and a log file module 382.
In one embodiment, sensitive area information receiving
device 113 1s a handheld device. In one embodiment, sensi-
tive area information receiving device 113 1s a smartphone. In
the 1llustrative embodiment, sensitive area information
receiving device 113 includes one or more input devices, one
or more output devices, one or more processors, and a
memory 360 associated with the one or more processors.
Exemplary output devices include audio output devices,
visual output devices, and tactile output devices. An exem-
plary audio output device 1s a speaker. An exemplary visual
output device 1s a display. An exemplary tactile output device
1s a vibration module. Exemplary input devices includes keys,
roller balls, dials, switches, touch pads, touch screens, and
other suitable mput devices.

The memory 360 associated with the one or more proces-
sors may 1nclude, but 1s not limited to, memory associated
with the execution of the modules, and memory associated
with the storage of data. The sensitive area information
receiving device 113 may also be associated with one or more
networks 107, and may communicate with one or more addi-
tional systems via the one or more networks 107. The mod-
ules may be implemented 1n hardware or software, or a com-
bination of hardware and software. The sensitive area
information recerving device 113 may also include additional
hardware and/or software to allow the sensitive area informa-
tion recerving device 113 to access the mput devices, the
output devices, the processors, the memory, and the modules.
In an embodiment, the modules, or a combination of the
modules, are associated with a different processor and/or
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memory, for example on distinct systems, and the systems are
located separately from one another. In another embodiment,
the modules are be executed on the same system as one or
more processes or services. The modules may be operable to
communicate with one another and to share information.
Although the modules are described as separate and distinct
from one another, the functions of two or more modules may
instead be executed 1n the same process, or in the same sys-
tem.

The memory 360 includes computer readable media. Com-
puter-readable media may be any available media that may be
accessed by one or more processors of the receiving system
101 and includes both volatile and non-volatile media. Fur-
ther, computer readable-media may be one or both of remov-
able and non-removable media. By way of example, com-
puter-readable media may include, but 1s not limited to,

RAM, ROM, EEPROM, flash memory or other memory tech-
nology, CD-ROM, Digital Versatile Disk (DVD) or other
optical disk storage, magnetic cassettes, magnetic tape, mag-
netic disk storage or other magnetic storage devices, or any
other medium which may be used to store the desired infor-
mation and which may be accessed by sensitive area infor-
mation receiving device 113. The sensitive area information
receiving device 113 may be a single system, or may be two
or more systems in communication with each other.

In the illustrative embodiment, the location information
module 350 determines a location of the sensitive area infor-
mation recerving device 113 or provides an interface to
receive a desired location through one of the input devices.
The location may be a single location or may be an area. The
substance information module provides an interface to
receive a desired substance to be applied at the specified
location. The environmental information module 354 deter-
mines the environmental characteristics for the specified
location or provides an interface to recerve default anticipated
environmental characteristics. Exemplary environmental
characteristics include wind speed and direction. In one
embodiment, environmental information module 354 queries
at least one third party system 109 for the environmental
characteristics. The sprayer system information module 356
provides an 1ntertace to receive characteristics of a spraying,
system to be used or communicates with distribution system
117 to determine the characteristics of the spraying system.

The spray analysis module 358 based on the specified
location determines sensitive areas within the region of the
specified location. Based on the sprayer system characteris-
tics and the environmental characteristics, the spray analysis
module 358 determines the likelihood of spray drift imping-
ing upon any sensitive areas in the region of the specified
location.

In one embodiment, sensitive area information recerving,
device 113 also includes a substance database 370. Substance
database 370 includes a listing of a plurality of substances and
identifies types of plants or animals that are sensitive to each
substance. In one embodiment, the listing of substances 1s
presented 1n the interface of substance information module
352 so that a user of sensitive area information receiving
device 113 may select one of the listed substances. In one
embodiment, the substance database 370 1s updated by con-
tacting one or more third party system 109. In one example, a
manufacturer of substances may provide a substance data-
base for downloading from server. In this example, sensitive
area information receiving device 113 would download a
copy or an update to an existing copy for storage in memory
360. Sensitive area information receiving device 113 may
receive mnformation on substances from, for example and
without limitation, product manufacturers, one or more crop
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data management systems (“CDMS”), or databases supplied
or maintained by regulatory agencies, for example the Envi-
ronmental Protection Agency or other state or federal agen-
cies. The information may include, but 1s not limited to,
applicable best management practices or label requirements
ol substances, such as bufler zone requirements or sugges-
tions. Information may also include labels for substances, or
data tables regarding substances.

In one embodiment, spray analysis module 358 provides an
indication of all sensitive areas within the region of the speci-
fied location. In one embodiment, spray analysis module 358
provides an indication of only sensitive areas within the
region of the specified location that are sensitive to proposed
substance to be sprayed. In one embodiment, spray analysis
module 358 provides a first indication of all sensitive areas
within the region of the specified location and a second 1ndi-
cation only sensitive areas within the region of the specified
location that are sensitive to proposed substance to be
sprayed. Certain types of sensitive areas may be sensitive to
generally all substances, such as sensitive areas with plants or
amimals being marketed as organically grown or raised. Other
types of sensitive areas may be sensitive to a first substance,
but not a second substance. In one embodiment, spray analy-
s1s module 358 attempts to determine alternative substances
to be sprayed that the i1dentified sensitive areas may not be
sensitive to as an alternative to the selected substance.

The log file module 382 captures information related to the
application of a substance to an area. In one embodiment, the
log file module 382 captures information when the sensitive
area information recerving device 113 1s activated. In another
embodiment, the log file module 382 may be started or
stopped, so that the log file module 382 captures or does not
capture information. In one embodiment, the log file module
382 may be started or stopped by the user. In another embodi-
ment, the log file module 382 may be started or stopped
remotely, by a third party. The log file module 382 captures,
for example and without limitation, the type of substance
being applied, the date, the current time, the location of one or
more of the sprayers, the location of the projected route, the
amount of deviation from the actual to the projected routes,
the actions of the user, information regarding the current
weather, the location of one or more sensitive areas, the

proximity of the sprayers to the sensitive areas, or the warn-
ings generated by the sensitive area information receiving
device 113.

The log file module 382 may write to a log file 384. In one
embodiment, the log file 384 1s stored as one or more files 1n
the memory of the sensitive area information recerving device
113. Atperiodic intervals, the information stored in the one or
more files may be transmitted to one or more additional
systems, for example the sensitive area information transmit-
ter 105 or the sensitive area database 103. When the informa-
tion stored in the one or more files 1s transmitted, the infor-
mation or the log files 384 may be deleted from the sensitive
area mformation recerving device 113, or may be archived
with the sensitive area information recerving device 113. In
another embodiment, the information from the log file mod-
ule 382 1s transmitted to the sensitive area information trans-
mitter 105 without being stored with the sensitive area infor-
mation recerving device 113, or the information from the log
file module 382 1s bullered in memory associated with the
sensitive area mformation recerving device 113 before being
transmitted. In one embodiment, the one or more log files 384
are stored 1n a relational database. In another embodiment,
the one or more log files 384 are stored 1n a text file, or an
encrypted file.
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FIG. 5 shows a tlowchart showing a method 400 of 1den-
tifying sensitive areas according to an embodiment of the
present disclosure. The method may begin as illustrated in
box 401. The user may i1dentily one or more sensitive areas, as
illustrated in box 403. In an embodiment, the user marks the
sensitive areas by using a sensitive area identification device
111 to note the location of a field containing sensitive areas. In
another embodiment, the user marks the position of one or
more sensitive areas on an electronic map, or marks the loca-
tion of one or more sensitive areas on a paper map, and then
scans or faxes the paper map to an operator, who 1nputs the
location information from the paper map into the sensitive
arca database 103. In another embodiment, the user may
communicate with an operator via, for example and without
limitation, a telephone, a paging device, or other communi-
cation over a network 107 to note the location and type of one
Or more sensitive areas.

The user may use the sensitive area 1dentification device
111 to note the type and location of the sensitive areas, as
illustrated 1n box 4035. The user may use the sensitive area
identification device 111 to note the type of sensitive areas by
using, for example and without limitation, a drop-down list of
sensitive 1tems ncluding one or more crops, animals, sensi-
tive locations, or other sensitive or endangered items; one or
more codes to indicate specific types of crops, animals, sen-
sitive locations, or other sensitive or endangered items; or
other method of selecting information. In one embodiment,
the user uses a camera or camera-enabled device, to take a
picture of the crops or seeds planted, and the crop 1dentifica-
tion device 111 and/or the receving system 101 use image
recognition to determine the type of seed and thus the type of
crops. In another embodiment, the user speaks or gestures the
name of the crops, and the crop 1dentification device 111 uses
voice or pattern recognition to determine the specific type of
Crop.

The sensitive area identification device 111 may note the
type of crop, and may note the location of the crop as well, as
illustrated in box 407. In an embodiment, the sensitive area
identification device 111 uses a global positioning system or
other global positioning satellite system or other location
identifier 115. The sensitive area identification device 111
transmits the sensitive area identification and the location
information to the recerving system 101. The recerving sys-
tem 101 may transmit an acknowledgement to indicate that
the sensitive area 1dentification information has been success-
tully transmitted to the receiving system 101.

The receiving system 101 may receive the sensitive area
information, including the type and location information, and
may transmit the sensitive area information to the sensitive
area database 103, as illustrated 1n box 409. In an embodi-
ment, the receiving system 101 adds information, deletes
information, or alters information from the information
received from the sensitive area identification device 111
before the information 1s transmitted and recorded in the
sensitive area database 103. The method 400 may end as
illustrated in box 411.

FIG. 6 shows a tlowchart showing a method 500 of locating
crops according to an embodiment of the present disclosure.

The method may begin as illustrated in box 501. In an
embodiment, the sensitive area information receiving device
113 requests sensitive area information irom the sensitive
area information transmitter 105 as illustrated in box 503. The
sensitive area information recerving device 113 transmits the
request to the sensitive area information transmitter 105
through, for example, anetwork 107. The sensitive area infor-
mation receiving device 113 may use a location identifier 115
to determine the location of the sensitive area information
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receiving device 113, or the location of the sensitive area
information receiving device 113 may be determined another
way. For example, and without limitation, the user may input
the location of the sensitive area information recerving device
113, or may provide other information to the sensitive area
information transmitter 103 to allow the sensitive area infor-
mation transmitter 105 to approximately or precisely locate
the sensitive area information receiving device 113. In
another embodiment, the sensitive area information receiving
device 113 does not transmit location information to the
sensitive area information transmitter 105, but the sensitive
area information transmitter 1035 sends all or part of the sen-
sitive area information located 1n the sensitive area database
103 to the sensitive area information receiving device 113. In
an embodiment, the sensitive area information receiving
device 113 also requests sensitive area information for a
predetermined or user defined area around the sensitive area
information recerving devices’ 113 current location, or other
location. For example, and without limitation, the sensitive
area information receiving device 113 may request sensitive
area information for a three mile radius from the sensitive area
information receiving devices’ 113 current location. The sen-
sitive area information recerving device 113 may also request
sensitive area information based on other identifiers. For
example, the sensitive area information recerving device 113
may request sensitive area information for one or more spe-
cific types of crops, including buifer zone information, or one
or more types of crops that have an adverse interaction with a
specific chemical, or request sensitive area information for
crops within a zip code, city, county, state, or other geographi-
cal boundary identifier.

In an embodiment, the sensitive area information transmait-
ter 105 receives the location data from the sensitive area
information recerving device 113, accesses the sensitive area
database 103, and requests sensitive area information from
the sensitive area database 103 based at least 1n part on the
location mformation recerved from the sensitive area infor-
mation recerving device 113, as illustrated 1n box 5035. The
sensitive area mformation transmitter 105 may, for example
and without limitation, request sensitive area information for
a preset or user defined radius from the current location trans-
mitted by the sensitive area information recerving device 113.
The sensitive area information transmitter 105 may also
request sensitive area information from the sensitive area
database 103 according to the request transmitted from the
sensitive area information recerving device 113. The sensitive
area database 103 accesses the sensitive area information, and
transmits the requested sensitive area mformation, 1f any 1s
available, to the sensitive area information transmaitter 105 via
one or more networks 107. The sensitive area information
transmitter 105 receives the sensitive area information, and,
in an embodiment, performs one or more transformations on
the sensitive area data, to present it to the sensitive area
information recerving device 113. For example, and without
limitation, the sensitive area information transmitter 105 may
overlay the sensitive area information onto a map, and trans-
mit the map and the sensitive area information to the sensitive
area information receiving device 113. In another embodi-
ment, the sensitive area information transmitter 105 adds or
deletes information from the sensitive area information
before transmitting it to the sensitive area information receiv-
ing device 113. For example, and without limitation, the
sensitive area information transmitter 105 may remove sen-
sitive area information for crops that are outside of the
requested range of crops, or may remove sensitive area nfor-
mation that 1s outside of aradius or other geographical bound-
ary transmitted by the sensitive area information receiving
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device 113. The sensitive area information transmitter 103
transmits the sensitive area information to the sensitive area
information receiving device 113 via the network 107. In an
embodiment, the sensitive area information transmitter 105
does not modily the sensitive area information transmitted
from the sensitive area database 103, transmitting the
unmodified sensitive area information received from the sen-
sitive area database 103 to the sensitive area information
receiving device 113.

The sensitive area information recerving device 113
receives sensitive area information from the sensitive area
information transmitter 105, as illustrated 1n box 507. The
sensitive area information receiving device 113 may recetrve
the sensitive area information from a network 107, or through
other communication methods. For example, and without
limitation, the sensitive area information receiving device
113 may recerve the sensitive area information from a cellular
data network 107, or other type of wireless network 107.

In an embodiment, the sensitive area information recerving,
device 113 may interact with the location transmitter to
receive mnformation related to the location of the sensitive
area information recewving device 113, as 1llustrated 1n box
509. In one embodiment, the sensitive area information
receiving device 113 receives GPS signals from a GPS sys-
tem, and uses the one or more GPS signals to calculate its
position. In another embodiment, the sensitive area informa-
tion recewving device 113 uses one or more signals from
cellular networks 107 and/or cellular network 107 stations to
triangulate or otherwise calculate its location. In another
embodiment, the sensitive area information receiving device
113 uses one or more 1nternal devices to calculate 1ts location.
For example, the sensitive area information receiving device
113 may contain a compass or an 1inertial guidance system, or
may include a device or sensor to measure linear distance, or
may include one or more accelerometers and/or gyroscopes.
The sensitive area information receiving device 113 may
determine its location using one or more location sensors, and
may determine the location of one or more crops based at least
in part on the sensitive area information transmitted from the
sensitive area information transmitter 105.

In an embodiment, the sensitive area information receiving,
device 113 sends one or more alerts and/or makes one or more
adjustments to one or more distribution systems 117 based on
the location of the sprayers, the location of crops or areas
containing animals that may be harmed by the substance or
substances that the distribution system 117 1s delivering, and
other information, such as weather conditions, that may be
received by other sensors or mstruments and transmitted to
the sensitive area information recerving device 113 and/or the
distribution system 117, as illustrated in box 511. The sensi-
tive area information receiving device 113 may, for example
and without limitation, provide a visual, auditory, or tactile
alert to the user. The distribution system 117 may also
include, for example, and without limitation, the ability to
selectively spray, alter spray patterns or direction, alter pres-
sure or spray distance, or alter the relative size of the droplets
ol the spray. If the distribution system 117 includes more than
one sprayer, the distribution system 117 may include the
ability to direct tlow to one or more of the sprayers, or to alter
the flow to one or more of the sprayers. The method may end,
as 1llustrated i box 513.

While the sensitive area information recerving device 113
1s depicted 1n some embodiments as being portable, where a
user inputs variables 1n real time during or before an applica-
tion, 1n other embodiments, the sensitive area information
receiving device 113 may be a desktop computer, a laptop
computer, a notepad computer, or other type of computer, and
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the user may interact with the computer and prepare a plan
betfore applying substances to a field. In FIG. 9, a flowchart
showing a method 900 of compiling a spray plan according to
an embodiment of the present disclosure 1s shown. The
method begins at box 901. In box 903, the user interacts with
the sensitive area information receiving device 113 to identify
sensitive areas around the field or fields to which the user
intends to apply chemicals. The user may 1nput this informa-
tion to the sensitive area information recerving device 113 by
typing one or more locations into the sensitive area informa-
tion receiving device 113, or by highlighting one or more
areas on a map. The sensitive area information receiving
device 113 communicates the information to the sensitive
area information transmitter 105, which communicates the
information to the sensitive area database 103. The sensitive
areca database 103 uses the information and transmits the
location of sensitive areas to the sensitive area information
transmitter 105, which then transmits the information to the
sensitive area information recerving device 113. The sensitive
area information receiving device 113 uses the information
from the sensitive area database 103, and may also use addi-
tional information, such as weather or information from the
third party systems 109, to create one or more plans, shown in
box 907.

The plans include mformation for avoiding the sensitive
areas, and may include, but are not limited to, information
regarding times and dates of application, applicator speed,
amounts or flow rates of the substances, or other information
to minimize the risk of substances entering the sensitive areas.
The sensitive area information receiving device 113 may
present the plans 1 the form of a paper printout, or may
transmit the plans electronically to another device. For
example, the sensitive area information recerving device 113
may transmit the plans to a portable computer. The portable
computer may interface with the distribution system 117, or
the portable computer may provide alerts or other signals to
the user. In one embodiment, the sensitive area information
receiving device 113 transmits the plans to a computer or
other device located 1n or on the distribution system 117.

In an alternate embodiment, the sensitive area information
receiving device 113 may be used to perform predictive mod-
cling of one or more future substance applications or other
potential environmental impact models. The user may input
variables into the sensitive area information receiving device
113 including, but not limited to, the area of proposed appli-
cation, the type or amount of substance, application direc-
tions related to the type or amount of substance, the time of
the future application, intended distribution system 117
parameters, the rate of release of the substance, the method
used to release the substance, or other variables. In the
embodiment, the sensitive area information receiving device
113 receives the variables, and retrieves the data from the
sensitive area database 103 and/or one or more of the third
party systems 109, and generates a prediction based on the
information recerved from the user and from the sensitive area
database 103 and/or one or more of the third party systems
109. The third party systems 109 may provide data related to
past, current, or future environmental conditions such as
weather or placement of sensitive areas, data regarding geolo-
gies of the site of proposed application or other areas, data
regarding the topologies of the site of proposed application or
other areas, or other data regarding the site of proposed appli-
cation or other areas. Other data that may be considered
include the release rate of the proposed application, environ-
mental impact analyses for the substance or substances to be
applied, or spray drift modeling data from a sprayer or distri-
bution system.
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In one embodiment, the prediction 1s an indicator to make
the application based on the input variables, or an indicator to
not make the application based on the input variables. In this
embodiment, the user may change one or more of the 1input
variables and re-execute to receive a different indication
based on the updated input variables. In another embodiment,
the prediction includes a time and/or date to make the appli-
cation, based at least in part on the input variables and the data
retrieved from the one or more third party systems 109. The
time and/or date may be a time or date of an 1deal time to make
the application within a range of dates specified by the user, or
may be an 1deal time within a predetermined range of dates.

In one example of predictive modeling, the sensitive area
information receiving device 113 may receive input from the
user regarding the type and amount of substance to be applied
to a specific field at a specific date. The sensitive area infor-
mation recerving device 113 may, for example, query a third
party system 109 to retrieve water table information or water-
shed information, and may recommend not spraying the sub-
stance at the particular time, as the information recerved from
the third party system 109 may indicate, for example, that the
water table may be too high to spray the substance. The
sensitive area information receiving device 113 may recom-
mend the application occur on another day, or that the distri-
bution system 117 parameters be altered to achieve a more
desirable outcome.

In another example of predictive modeling, the sensitive
area information receiving device 113 may recerve mput from
the user regarding the type and amount of substance to be
applied to a specific field at a specific date. The sensitive area
information receiving device 113 may, for example, query a
third party system 109 to retrieve weather or other meteoro-
logical data, and may recommend spraying or not spraying
the substance at the particular time. For example, the third
party system 109 may indicate that rain or high winds are
predicted during one or more times, and the rain may remove
the applied substance too quickly, or more quickly than 1s
recommended 1n the application instructions. In another
example, the third party system 109 may indicate that high
winds are predicted during one or more times, which may
create drift concerns, or may reduce the effectiveness of the
applied substance. The sensitive area information receiving
device 113 may recommend the application occur on another
day, or that the distribution system 117 parameters be altered
to achieve a more desirable outcome.

In box 909, the user takes the printouts or the portable
computer with the plans to the distribution system 117, and
makes the application onto the field. If conditions change
alter the user has created the plans, 1n one embodiment, the
sensitive area information receiwving device 113 transmits
updated information to the portable computer, or may attempt
to transmit the updates to the user via other methods. For
example, and without limitation, the sensitive area informa-
tion recerving device 113 may transmit a text message, or an
¢-mail message, or other form of electronic communication,
to the user to inform of updated plans. During the application,
the user or other system may note any deviations from the
plan, and may log the deviations 1n one or more data files, or
log files. The log files may indicate the time and date of any
deviations, and may also include information related to the
deviation. For example, the location, the substance applied,
the amount of deviation from the plan, and/or the user’s
actions may be recorded, or the user may record the informa-
tion.

In box 911, the data from the application may be uploaded
to a repository to track and maintain compliance information.
The repository may be the sensitive area information trans-
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mitter 105, or may be another system to store and access the
compliance information. The user may upload the log files, or
the user may input information mto an interface regarding
deviations from the plan. The method 900 may end at box
913.

FIG. 7 1s an exemplary field showing crops and an exem-
plary spraying system 620 according to an embodiment of the
present disclosure. While a spraying system 620 1s used 1n the
example, other substance distribution systems may also be
used. For example, and without limitation, an airplane, a
helicopter, a boat, a railroad, or a ballast sprayer may be used.
A first field 601 and a second field 603 are adjacent to one
another. The second field 603 includes a bed of sensitive crops
611 and two beds of 1nsensitive crops 609.

The sensitive crops 611, in the exemplary embodiment, are
sensitive to the substance or substance that the spraying sys-
tem 620 1n the first field 601 1s planning on delivering. The
isensitive crops 609, 1n the exemplary embodiment, are not
sensitive to the substance or substance that the distribution
system 117 1n the first field 601 1s planning on delivering. The
sensitive crops 611 and the imnsensitive crops 609 are marked
using one or more crop 1dentification devices 111, which may
note the location and the content of the beds. In another
embodiment, only the sensitive crops 611 are 1dentified and
noted with the crop identification device 111.

Spraying system 620 1s to follow a path 622 through field
601 while spraying the crops 1n field 601. Exemplary north 1s
denoted in element 613. During spraying, the wind 1s blowing
in a north-eastern direction 624 increasing the drift of a
sprayed substance in direction 624.

Referring to FIG. 8, an exemplary embodiment of spraying
system 620 1s shown. Spraying system 620 1s an example of a
mobile spraying system. Other exemplary spraying systems
may be fixed systems having moveable arms supporting spray
nozzles, such as irrigation style systems.

Spraying system 620 includes a frame 630 supported by a
plurality of ground engaging members 632. Ground engaging
members 632 are rotatable relative to the frame 630. At least
one of the ground engaging members 632 1s operatively
coupled to an engine 634 of spraying system 620 to provide
power to propel spraying system 620 relative to the ground.
Spraying system 620 further includes an operator area 636
having a plurality of controls whereby an operator 1s able to
navigate spraying system 620, such as along path 622.

Spraying system 620 further includes a tank 640 contain-
ing the substance to be sprayed by spraying system 620. The
interior of tank 640 1s 1n fluid communication with a plurality
of spray nozzles 642 A-H through a plurality of fluid conduaits
644 A-Jand a plurality of valves 646 A-B. In one embodiment,
a pump 1s provided to pump the fluid from tank 640 to the
valves 646 A-B under pressure. In the 1llustrated embodiment,
spray solution 1s feed from tank 640 to valve 644 A through
fluid conduit 6441. Valve 644 A, in turn, feeds the spray solu-
tion to the respective spray nozzles 642A-D through respec-
tive fluid conduits 644A-D. In one embodiment, valve 644 A
communicates a constant pressure of the spray tluid to every
one of the spray nozzles 642A-D. In one embodiment, valve
644 A 1s a manifold and provides individual control relative to
cach of spray nozzles 642 A-D such that the pressure of spray
fluid communicated to each spray nozzle 1s independently
controllable. In the illustrated embodiment, spray solution 1s
feed from tank 640 to valve 6448 through tluid conduit 6441].
Valve 644B, 1n turn, feeds the spray solution to the respective
spray nozzles 642E-H through respective fluid conduits
644E-H. In one embodiment, valve 644B communicates a
constant pressure of the spray fluid to every one of the spray
nozzles 642E-H. In one embodiment, valve 644B 1s a mani-
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told and provides individual control relative to each of spray
nozzles 642E-H such that the pressure of spray fluid commu-
nicated to each spray nozzle 1s independently controllable. In
one embodiment, spray nozzles 642A-H are controllable to
alter an amount of spray fluid exiting the respective nozzle. In
this example, valves 644 A-B are not needed.

Each of spray nozzles 642A-H are supported on a spray
frame 650. Nozzles 642D-E are supported on a center spray
frame member 6352 supported by frame 630 of spraying sys-
tem 620. Nozzles 642A-C are supported on a first boom arm
654 rotatably coupled to center spray frame member 652.
Nozzles 642F-H are supported on a second boom arm 6356
rotatably coupled to center spray frame member 652.

Spraying system 620 also includes a spraying system con-
troller 658 which controls the communication of spraying
fluid from tank 640 to spray nozzles 642. In one embodiment,
spraying system controller 1s supported by frame 630. In one
embodiment, spraying system controller 638 receives 1nput
from an environmental sensor 660, such as a wind sensor, to
determine the environmental conditions surrounding spray-
ing system 620. In one embodiment, spraying system con-
troller 658 recerves mput from a location 1dentifier unit 662,
such as a GPS device, to determine a current location of
spraying system 620. In one embodiment, one or both of
environmental sensor 660 and location 1dentifier unit 662 are
monitored by sensitive area information receiving devices
113 which 1n turn reports to spraying system controller 658.
In one embodiment, one or both of environmental sensor 660
and location 1dentifier unit 662 are supported by frame 630.

Further, spraying system controller 638 1s 1n communica-
tion with sensitive area information receiving devices 113 to
determine the relationship of spraying system 620 relative to
sensitive crops within the vicinity of spraying system 620 and
to adjust one or more spraying characteristics of spraying
system 620 accordingly. In one embodiment, the determina-
tion of spray characteristic adjustment 1s made by sensitive
area information recerving devices 113. In one embodiment,
the determination of spray characteristic adjustment 1s made
by spraying system controller 638. In one embodiment, sen-
sitive area information receiving devices 113 i1s integrated
into spraying system controller 658.

As an example, when spraying system 620 1s at the location
shown 1in FIG. 7, based on the information derived from
sensitive area database 103, environmental sensor 660, and
location 1dentifier unit 662, one of sensitive area information
receiving devices 113 and spraying system controller 6358
determines that a spray region 680 of spraying system 620 1s
not overlapping sensitive crops 611 or any other sensitive
area. Therefore, spraying system 620 may operate normally.
Spray region 680 1s a representation of the anticipated area 1n
which spray may fall to ground. As shown in FIG. 7, spray
region 680 1s elongated to the east of spraying system 620 and
torward of spray frame 6350 of spraying system 620 on the
castern side. This shape of spray region 680 1s due to the
direction and speed of the wind.

Of course as spraying system 620 moves through first field
601 and as the speed and direction of the wind change the
shape and area of spray region 680 changes. For example,
when spraying system 620 1s positioned at location 672 1n first
ficld 601, the spray region may have the shape of region 680'.
This spray region 680" also does not overlap any known
sensitive areas so spraying system 620 may operate normally.
When spraying system 620 is positioned at location 674 1n
first field 601, the spray region may have the shape of region
680". This anticipated spray region 680" does overlap sensi-
tive crops 611 so spraying system 620 may not operate nor-
mally without risking damage to sensitive crops 611. As such,

5

10

15

20

25

30

35

40

45

50

55

60

65

26

one of sensitive area information receiving devices 113 and
spraying system controller 658 causes an alteration of the
operation of spraying system 620 to reduce the area or shape
of spray region 680" to prevent overlap with sensitive crops
611. In one embodiment, an indicator 1s provided to an opera-
tor of spraying system 620 of the risk of overlap and the
operator alters the operation of spraying system 620 based
thereon. Exemplary indicators include audio indicators,
visual indicators, tactile indicators, or combinations thereof.

In one embodiment, the indicator provides multiple levels
of indication to an operator. In one embodiment, visual indi-
cator, such as one or more lights or a visual icon on a display,
provides multiple visual indications based on a distance to a
sensitive area. For example, for a given distance, a green
indicator 1s provided 1f the given distance 1s within a first safe
range from a sensitive area, a yellow indicator 1s provided it
the given distance 1s within a second caution range from a
sensitive area, and a red indicator 1s provided 1f the given
distance 1s within a third range from a sensitive area. The
distances that correspond to the boundaries for each range
may be user specified valves or pre-programmed values. In
one embodiment, the distances are adjusted based on envi-
ronmental conditions, such as wind. In one embodiment, the
given distance 1s an anticipated boundary of the spray region
680.

In one embodiment, one of sensitive area information
receiving devices 113 and spraying system controller 658
automatically alters the operation of spraying system 620 to
prevent overlap. In one example, the operation of one or more
of valves 644 and nozzles 642 1s altered to change the spray
pattern. In the case of location 674, nozzles 642A and 6428
may be elfectively turned off to shorten the extent of spray
region 680" towards the ecast. As spraying system 620
progresses along path 622 the operation of spraying system
620 may return to normal, such as in location 676 whereat
region 680'" (for normal operation) does not overlap any
sensitive area.

In one embodiment, the sensitive area information receiv-
ing device 113 (or spraying system controller 658) notes the
location of spraying system 620 in the first field 601. The
sensitive area information recerving device 113 requests crop
information for crops located around spraying system 620.
The crop information, in the exemplary embodiment, are
stored 1in the sensitive information database 103, and are
transmitted from the sensitive information database 103 to the
sensitive area information transmitter 105, and then from the
sensitive area information transmitter 105 to the sensitive area
information recerving device 113 using a network 107. The
sensitive area information recerving device 113 1dentifies the
location of the msensitive crops 609 and the sensitive crops
611, or only the sensitive crops 611. Sensors 1n spraying
system 620 and/or the sensitive area information receiving
device 113 indicate that the wind 1s blowing from the west to
the east at a high rate of speed. Sensitive area information
receiving devices 113 1dentifies that spraying system 620, 11
allowed to spray normally, may create droplets that may driit
into the sensitive crops 611. The sensitive area information
receiving devices 113 alters the spray pattern of spraying
system 620 by, for example, limiting the flow to the spray
nozzles 642 or changing the droplet size so that the droplets
are unlikely to drift into the sensitive crops 611. The size may
be adjusted based on the pulse width of the sprayer and with
variable orifice nozzles. In one embodiment, auto steer tech-
nology may be used to divert the sprayer of the spraying
system. As the wind speed or wind direction changes or the
location of spraying system 620 changes, sensitive area infor-
mation receiving devices 113 changes tlow, droplet size, and/




US 8,760,303 B2

27

or other spray characteristics so that droplets are unlikely to
drift into the sensitive crops 611.

While this disclosure has been described as having exem-
plary designs, the present disclosure can be turther modified
within the spirit and scope of this disclosure. This application
1s therefore intended to cover any variations, uses or adapta-
tions of the disclosure using 1ts general principles. Further,
this application 1s intended to cover such departures from the
present disclosure as come within known or customary prac-
tice 1n the art to which this disclosure pertains.

We claim:

1. An apparatus to 1dentily sensitive areas, comprising:

a module to electronically recetve sensitive area informa-
tion, the sensitive area information related to one or
more sensitive areas proximate to a first specified loca-
tion;

a module to electronically recetve an identity of a first
substance to be sprayed at the first specified location;
and

an alert mechanism to provide an indication of a first sen-
sitive area proximate to the first specified location which
1s sensitive to the first substance.

2. The apparatus of claim 1, wherein the alert mechanism

includes a display and a visual alert.

3. The apparatus of claim 1, further comprising a location
identifier to determine the location of the apparatus.

4. The apparatus of claim 3, wherein the location 1dentifier
receives location information from a Global Positioning Sys-
tem (GPS).

5. The apparatus of claim 3, wherein the apparatus receives
iput regarding a potential application including at least a
date and time of a potential application, and the one or more
substances to be applied to the locations proximate to the one
Or more sensitive areas.

6. The apparatus of claim 3, wherein the apparatus receives
input regarding a potential application including at least one
Or more spraying system parameters.

7. The apparatus of claim 6, wherein the one or more
spraying system parameters includes droplet size, desired
pressure, or drift reduction technology credits.

8. The apparatus of claim 3, wherein the apparatus further
includes a module to determine instructions for the applica-
tion of the one or more substances to the locations proximate
to the one or more sensitive areas; and a module to operate a
spraying system according to the instructions.

9. The apparatus of claim 8, wherein operating the spraying
system may 1nclude one or more of changing the speed of the
spraying system, changing the direction of the spraying sys-
tem, altering the droplet size of the spraying system, or chang-
ing the boom height of the spraying system.

10. The apparatus of claim 1, further comprising a sub-
stance database, the substance database includes a plurality of
substances and information regarding the sensitivity of at
least one of plants and animals to the plurality of substances,
the plurality of substances including the first substance.

11. The apparatus of claim 10, further comprising an inter-
face through which the first substance is selected from the
plurality of substances.

12. The apparatus of claim 10, wherein the substance data-
base 1ncludes a buller zone requirement.

13. A method of 1dentifying sensitive areas, comprising:

providing a handheld device having a first specified loca-
tion;

clectronically receiving with the handheld device sensitive
area information, the sensitive area information related
to the one or more sensitive areas proximate to the first
specified location;
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clectronically recerving with the handheld device an 1den-
tity of a first substance to be sprayed at the first specified
location; and

providing with a display of the handheld device a visual

indication of a {irst sensitive area proximate to the first
specified location which 1s sensitive to the first sub-
stance.

14. The method of claim 13, wherein the handheld device
creates a log file including information related to the first
substance and the sensitive area.

15. The method of claim 13, wherein the handheld device
interfaces with a database to receive the sensitive area infor-
mation.

16. The method of claim 13, wherein the handheld device

overlays the sensitive areas on a map.

17. The method of claim 13, wherein the handheld device
corresponds to a current location with the first specified loca-
tion.

18. The method of claim 17, wherein the current location 1s
identified with a Global Positioning System (GPS).

19. The method of claim 13, wherein the handheld device
1s spaced apart from the first specified location.

20. The method of claim 13, wherein the handheld device
also receives information from a spraying system.

21. The method of claim 13, wherein the received sensitive
information includes information regarding the first sensitive
area and a second sensitive area.

22. The method of claim 13, wherein the received sensitive
information includes information regarding the first sensitive
area and a second sensitive area and wherein a visual indica-
tion of the second sensitive area i1s not provided with the
display of the handheld device because the second sensitive
area 1s not sensitive to the first substance.

23. The method of claim 13, wherein the received sensitive
information includes information regarding the first sensitive
area and a second sensitive area and wherein the visual indi-
cation of the first sensitive area has a first characteristic and a
visual indication of the second sensitive area 1s provided with
the display of the handheld device having a second charac-
teristic, the second characteristic being different from the first
characteristic.

24. The method of claim 13, wherein the first specified
location 1s one of a current location of the handheld device or
a location mput into the handheld device.

25. An apparatus to 1dentily sensitive areas, comprising:

a module to electronically receive sensitive area informa-

tion, the sensitive area information related to the one or
more sensitive areas proximate to a first specified loca-
tion;

a module to electronically receive an identity of a first

substance to be sprayed at the first specified location;

a location 1dentifier operable to recerve location informa-

tion regarding the location of the apparatus;

an alert mechanism to provide an indication of a first sen-

sitive area proximate to the first specified location which
1s sensitive to the first substance; and

a module to operate a spraying system according to at least

the sensitive area information, the identity of the first
substance, and the location information.

26. The apparatus of claim 25, wherein the location 1den-
tifier receives location information from a Global Positioning,
System (GPS).

27. The apparatus of claim 25, wherein the apparatus
receives mput regarding a potential application including at
least a date and time of the potential application, and the one
or more substances to be applied to the locations proximate to
the one or more sensitive areas.
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28. The apparatus of claim 235, wherein the apparatus
receives mput regarding a potential application including at
least one or more spraying system parameters.

29. The apparatus of claim 28, wherein the one or more
spraying system parameters includes one or more of droplet 5
s1ze, desired pressure, or driit reduction technology credits.

30. The apparatus of claim 25, wherein operating the spray-
ing system may include one or more of changing the speed of
the spraying system, changing the direction of the spraying
system, altering the droplet size of the spraying system, or 10
changing the boom height of the spraying system.

31. The apparatus of claim 235, further comprising a log file
to capture nformation related to the spraying system,
wherein the log file captures one or more of a substance being,
applied, a date, a current time, the current location of the 15
spraying system, a location of a projected route, an amount of
deviation from an actual route to the projected route, actions
of a user, information regarding current weather, the location
of the one or more sensitive areas, a proximity of the spraying
system to the one or more sensitive areas, and a warning. 20

32. The apparatus of claim 31, wherein the log file 1s
clectronically transmitted to a system.
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